Purpose: The purpose of this study was to describe and evaluate the detailed anatomic locations and areas of ligamentous attachments and paths of the transverse carpal ligament (TCL) on a threedimensional (3-D) surface model.
Introduction
The transverse carpal ligament (TCL) serves the palmar roof of the carpal tunnel by attaching laterally to the ridge of the trapezium and the scaphoid tuberosity, and medially to the hamate and pisiform 1 . To decompress the carpal tunnel, transecting the TCL is the standard surgical treatment for patients with carpal tunnel syndrome 2 .
However, the specific anatomic description of the TCL remains incompletely understood, and the TCL is not typically visualized completely. Recently, Manley et al. 3 used digital photography and computer-aided image analysis to describe and quantify the two-dimensional footprint of the TCL attachment sites on the carpal bones. However, there has been little information detailing the specific location and area of ligamentous attachments on the threedimensional (3-D) surface of the metacarpals and carpal bones 4, 5 . Currently, a number of techniques for carpal tunnel release have been reported. Moreover, there is a trend toward less invasive surgery and smaller incisions. In addition, poor visualization and the risk for complication, including incomplete ligament release, inability to identify anatomic variations, and iatrogenic nerve injury while performing the endoscopic carpal tunnel release 6 have also been described. Visually demonstrating the at-tachment sites of the ligaments on 3-D images of the bone can help to provide a better understanding of the anatomy and orientation of ligaments.
The purpose of this study was to detail the precise anatomical description of the attachments and paths of the TCL using a combination of meticulous dissection, computed tomography (CT), and a 3-D digitization technique. This 3-D information could improve the knowledge and understanding of the normal anatomy and its impact on the mechanics of the TCL, and help in the assessment and treatment of various wrist injuries and diseases.
Materials and Methods
Ten fresh-frozen cadaver upper extremities (eight males and two females, five pairs, aged 53 77 years, average age=64.6 years) were used in this study. The transverse carpal ligament (TCL) of all ten specimens was carefully dissected by volar approaches using loupe magnification.
The carpal tunnel and the Guyon's canal were dissected.
All components of the TCL were identified and categorized, and the length, width, and thickness of each component were measured using a precision caliper accurate to 0.1 mm. After measurement, the flexor tendons and the median nerve in the carpal tunnel were excised to distinguish the accurate sites of ligamentous attachments.
Each component of the TCL was carefully removed from the carpal bones, and its attachments were marked with an oil-based color marker. Three 1.5 mm screws were placed into the individual metacarpal and carpal bones as markers to define the 3-D local coordinate system. In addition, one to two single half pins were inserted into each bone to ensure it was firmly fixed to the digitizing platform. 
Results
Careful dissection revealed that the TCL attached to the ridge of the trapezium and the scaphoid tuberosity on the radial side, and to the hook of the hamate and the pisiform on the ulnar side ( Fig. 1) . According to the running directions of the ligament and the ligament attachments on the carpal bone, three components of the TCL were identified: the trapezium-hook of hamate ligament (THL), the trapezium-pisiform ligament (TPL), and the scaphoid-pisiform ligament (SPL). Both the THL and the TPL were identified in all ten specimens. On the other hand, the SPL was found in only two of the ten specimens ( Fig. 2) . The THL, TPL, and SPL were located from superficial to deep, respectively, on the volar side of the wrist (Fig. 3A, B) . (Fig. 4) as a percentage of the total surface area of that bone. The areas of the TCL attachment on the trapezium, the hook of the hamate, the pisiform, and the scaphoid respectively occupied 3.5%, 2.1%, 4.0%, and 1.0% of the average whole surface area of each bone.
Discussion
The TCL covers the volar side of the carpal tunnel and spans from the trapezium and the scaphoid radially to the hook of the hamate and the pisiform ulnarly 1 . Currently, several studies on the anatomy of the TCL regarding the carpal tunnel have been published. However, detailed anatomic descriptions of the TCL and its associated anatomy are not yet complete 7 13 . Most previous studies have quantitatively identified the TCL thickness, length, width, and volume, and its variations, and described the morphology of the carpal tunnel 7 13 . Tanzer 7 first reported the thickness of the TCL. Subsequently, Johnson et al. 8 ,
Cobb et al. 9 , Tanabe et al. 10 , and Brett et al. 11 reported and further detailed the dimensions of the TCL. Pacek et al. In the present study, the THL was the thickest and widest ligament of the three components of the TCL, and was found in all specimens. Moreover, the area of the THL attachment on the individual carpal bone was the largest of the three components of the TCL. This suggests that the main segment of the TCL is the THL and that the THL plays an important role in the maintenance and dorso-palmar stability of the transverse carpal arch of the hand. On the other hand, the SPL, which was found in only two of the ten specimens, was relatively thin and narrow. It is thought that the SPL may play only a minor role in the stability of the TCL.
We have previously described the average sizes of all ligamentous attachments except that of the TCL on each carpal bone 4 . In the current study, the attachment size of the TCL on the individual carpal bone was defined.
Evaluating the ligamentous attachment area on the basis of our findings, we found that the attachment area of the rameter. In addition, the ligament attachment areas on the bone were easily identified. Therefore, we think that the measured dimensions and areas were accurate.
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